A histidine residue at the active site of avian liver phosphoenolpyruvate carboxykinase.
The histidine-selective reagents diethylpyrocarbonate (DEPC) and dimethylpyrocarbonate were used to study active site residues of phosphoenolpyruvate carboxykinase. Both reagents show pseudo first-order inhibition of enzyme activity at 22 +/- 1 degree C with calculated second-order rate constants of 2.8 and 4.6 M-1 s-1, respectively. The inhibition appears partially reversible. Substrates affect the rate of inhibition: KHCO3 enhances the rate, Mn2+ has little effect, and phosphoenolpyruvate decreases the rate. The best protection is obtained by IDP or IDP and Mn2+. The kinetic studies show that modification of histidine is specific and leads to loss of enzymatic activity. Two histidines per enzyme are modified by DEPC, as measured by an absorption change at 240 nm, in the absence of substrate, leading to loss in activity. One histidine per molecule is modified in the presence of KHCO3, giving inactivation. Cysteine and lysine residues are not affected. A study of the inhibition rate constant as a function of pH gives a pKa of 6.7. Enzyme modified by DEPC in the absence of substrate (1% remaining activity) shows no binding of ITP or of phosphoenolpyruvate to the enzyme.Mn2+ complex as studied by proton relaxation rates. When enzyme is modified in the presence of KHCO3 (44% remaining activity), ITP and KHCO3 bind to the enzyme.Mn2+ complex similarly to the binding to native enzyme. Phosphoenolpyruvate binding to modified enzyme.Mn results in an enhancement of proton relaxation rates rather than the decrease observed with native enzyme.Mn. The CD spectra of histidine-modified enzyme show a decrease in alpha-helical and random structure with an increase in anti-parallel beta-sheet structure compared to native enzyme. These results show that avian phosphoenolpyruvate carboxykinase has 2 histidine residues which are reactive with DEPC and dimethylpyrocarbonate, and one of the 15 histidine residues in the protein is at or near the phosphoenolpyruvate binding site and is involved in catalysis.